The photochemical and photophysical processes of many organic compounds are a function of the environment in which they are present. In this connection, we have chosen to investigate the environmental perturbations on the photodimerization of coumarins and the results of our study in the crystalline state are presented here. Coumarins have been chosen for our investigation as their fascinating photochemical behaviour has been fairly well understood (1) and therefore the environmental influence, which is the subject of our concern, would more easily be understandable. The type of bimolecular photochemical process which has been investigated extensively in the solid state is [n,, + n,,] cycloaddition (2) . It has been established that the success of this process in the solid state requires a packing arrangement in which the reacting double bonds are parallel to one another with mean interplanar distances < ca. 4.1
A.
The utility of such photoreactions as a synthetic tool is limited by the difficulty of achieving the desired type of crystal structure in any given case, for the factors that control the crystal packing are not fully understood. However, attempts to design molecules wherein the potentially reactive chromophores are brought into favourable orientation have been reported. So far as dimerization of olefins is concerned, the utilization of dichlorophenyl substituents has been of great value (3). A similar strategy, involving the strong tendency for molecule, has been utilized to "engineer" crystals (4). Scope undoubtedly exists for "engineering" many other crystals and the results presented below are important in this context.
Coumarin is known to be photostable in the solid state (5) although it readily dimerizes in solution (I)., Therefore, this appeared to be a good molecular framework to study the role of substituents in bringing about the preferred molecular packing for photodimerization. Of the several coumarins examined by us only a few underwent photodimerization in the solid state upon uv irradiation (450W medium pressure mercury lamp) as illustrated in Table 1 . X-ray crystallographic studies of the monomers of 7-methoxy, 8-methoxy, and 4-chlorocoumarins completed in our laboratory reveal that packing arrangements in these crystals do not allow favorable orientation of the potentially reactive double bonds for dimerization to occur. These appear to be defect-initiated dimerizations (6) . In this communication, we present our results on the solid state photodimerization of 7-acetoxycoumarin which is interesting in the context of crystal engineering. The mechanism of dimerization and the nature of the dimer are yet to be characterized in the case of other coumarins listed in Table 1 .
The dimer (mp 215-217°C) formed in quantitative yield upon irradiation of 7-acetoxycoumarin oxygen atoms of ester groups to pack over the centre of the benzene ring of a neighbouring ZAlthough coumarin is established to be photostable in the solid state, its unstable modification and its complex with mercuric chloride give syn head-head dimers in the solid state 'Author to whom correspondence may be addressed.
upon uv exposure. 
cps); ms (CI, NH,): 426 (M + NH,+).
Comparison of the above nmr spectral data with those published for the anti head-head dimer of 7-acetoxycoumarin and the syn head-head dimers of polymethylene-dicarboxylic acid (7coumarinyl) diesters (7) revealed that the above dimer is syn head-head. In order to elucidate the nature of the intermolecular packing which leads to the formation of the observed dimer, a crystal structure analysis of 7-acetoxycoumarin was carried The packing thus obtained is displayed in Fig. 1 .
The 7-acetoxycoumarin possesses so-called P-type packing which is characterized by the close packing of parallel and nearly planar reactive double bonds (8) with a separation distance of 3.833 A along the a-axis. Thus the syn head-head dimer obtained is the direct consequence of this packing arrangement. It is noteworthy that coumarin which does not undergo dimerization in its stable modification (5) in the solid state undergoes a clean topochemical photoreaction when substituted by an acetoxy group. Thus it is evident that the acetyl group plays a strategic role in steering coumarin rings to pack themselves into a P stacked structure.
Earlier, interaction involving overlap of an ester group of one molecule with a benzene ring of another had been utilized to steer diacrylic acids into structures suited for solid state polymerization (4). However, perusal of the figure reveals no such interaction in our case.
Photostability of some of the coumarins (Table 1 ) in the solid state is not due to any inherent electronic or steric properties of these molecules as they all dimerize readily in solution. It must be attributed to unfavourable packing of these molecules in the crystal lattices. The results of our study on 7-acetoxycoumarin reveal that electronic and steric aspects play, if any, only a minor role in the solid state reactions. It is significant that 7-acetoxycoumarin does not dimerize in solution (7) , probably owing to the deactivation of the active double bond by the electron withdrawing acetoxy group. Therefore, it appears that adoption of a crystal packing arrangement favourable for bimolecular reaction can overcome the disadvantageous inherent electronic factors. Attempts are underway to explore the generality of acetoxy group effects in "crystal engineering".
